Abstract. The population of Latvia is increasingly interested in the production of garlic both for self-consumption and for sales in the market. The research puts forward the following hypothesis: garlic production is affected by economic and production factors of diverse significance. The research aims to examine the factors affecting the production of garlic in Latvia. The specific research tasks are as follows: (1) to give the characteristics of garlic production in Latvia; (2) to identify and assess the factors affecting the production of garlic in Latvia. The research has found that in Latvia, garlic was grown in small areas as an auxiliary crop, mainly in Zemgale region representing 54 % of the total garlic area as well as in Pieriga region (16 %), as garlic is a resource-intensive crop and sensitive to weather conditions and soil composition. Consequently, soils tests have to be done and a number of garlic varieties have to be field-tested for several years before starting growing this crop in order to identify the best variety for the field and the best garlic growing technology. Five most significant factors affecting garlic production in Latvia were as follows: (1) 
Introduction
The European Commission (2017) has stressed in its communication "The Future of Food and Farming" that "unlike most other economic sectors, farming is strongly affected by the weather; it is also frequently tested by volatile prices, natural disasters, pests and diseases -with the result that, every year, at least 20 % of farmers lose more than 30 % of their income compared with the average of the last three years... Climate change threatens to make all of the above-mentioned problems weigh more heavily".
The Common Agricultural Policy (CAP) is one of the EU action policies, the purpose of which is to ensure what the population expects in relation to food; therefore, in its communication the European Commission (2017) also stressed that the CAP should continue to support production with specific and valuable characteristics through Rural Development as well as to promote and improve its international recognition. One more function of the CAP is to ensure nutritious valuable products are easily available for EU citizens (European Commission, 2017) . The authors of the paper believe that one of the most valuable agricultural products -with ancient growing traditions in the world and Europe -is garlic. During the interviews conducted by the authors, the garlic producers and experts also pointed out the growing interest of the population of Latvia in the production of garlic for both self-consumption and the market. In Latvia, the output of garlic fluctuated over the analysis period owing to various circumstances and factors.
Even though there are all the necessary preconditions for garlic production in Latvia, the data on the area under garlic and the output and average yield of garlic indicate that there are factors hindering domestic garlic producers from approaching the levels reported in the largest garlic producers: China, India, Spain etc.
The research hypothesis is as follows: garlic production is affected by economic and production factors of diverse significance. The research aims to examine the factors affecting the production of garlic in Latvia.
The specific research tasks are as follows: (1) to give the characteristics of garlic production in Latvia; (2) to identify and assess the factors affecting the production of garlic in Latvia.
The research employed general scientific methods (monographic, graphical, logical construction and synthesis and analysis), sociological methods (document analysis, expert surveying and interviewing) and statistical analysis (time series analysis and Pearson correlation analysis). The period of [2013] [2014] [2015] [2016] [2017] was chosen to identify trends in garlic production.
The research used the data of the Food and Agriculture Organization of the United Nation (FAO), the Central Statistical Bureau (CSB) of Latvia, the Latvian Rural Advisory and Training Centre, the State Plant Protection Service and the Rural Support Service, publications by the Ministry of Agriculture as well as a research study by I. Missa (2013) on garlic production under the conditions in Latvia. A number of garlic producers and experts were interviewed in Latvia to acquire primary information.
Research results and discussion 1. Garlic area analysis
The world leader in garlic production in terms of cropped area and output is China. The output of garlic in China is almost 15-fold higher than that India, which is the second largest garlic producer in the world, and more than 60-fold higher than that in the European Union as a whole. Chinese garlic producers, having favourable climatic conditions, suited soils and experience, applying high fertiliser rates and practicing a two-fold higher plant density, acquire higher garlic yields -27 t/ha (2017) (Missa, 2013; FAOSTAT, [s.a.] ).
Spain is the largest producer of garlic in the EU, accounting for more than half of the total EU output of garlic. In 2017, Spain produced 274 712 t of garlic or 87 % of the total EU output, while the garlic area was 26 630 ha or 56 % of the total area cropped with garlic in the EU (FAOSTAT, [s.a.] ).
In Latvia, garlic is mainly grown as an auxiliary crop on farms, household plots and family farms. In 
Analysis of the factors affecting garlic production
The authors wished to examine the key factors affecting garlic production in Latvia. Based on an analysis of information sources, the authors identified seven factors (Table 1) . To assess the factors, the authors involved five industry experts and garlic producers. The influence of a factor was rated on a 3-point scale
(1 -insignificant influence; 2 -moderate influence; 3 -significant influence), while the probability of factor change was rated on a 5-point scale (with 1 being the lowest probability; 5 -the highest). Factor significance was calculated by multiplying the influence of a factor by the probability of change for the corresponding factor and then dividing it by the sum of influence ratings (Table 1) . Table 1 Ratings of the factors affecting garlic production in Latvia
Factors
Factor influence rating (1-3 points)
Average expert rating of factor change probability (1-5 points) The research results showed that the most significant factor affecting garlic production in Latvia was large financial investments (0.84) needed upon starting growing the garlic -for buying planting material and machinery. According to various literature sources, the amount of planting material needed for garlic production is in the range of 0.7-1.8 t/ha. Based on expert recommendations, the Latvian Rural Advisory and Training Centre (LRATC) (2014) (2015) (2016) (2017) (2018) has estimates it at 1.0 t/ha. In the interviews, some garlic producers noted even a higher planting rate -1.4-1.8 t/ha. The wide range of the planting rate for garlic could be explained by the size of a clove, which is affected by the garlic variety, and planting spacing.
In Latvia, No garlic price monitoring is carried out. The research used information provided by advertisement websites as well as data used by the LRATC. An analysis of the LRATC data (2014) (2015) (2016) (2017) (2018) revealed that the purchase price rose Assuming that the planting rate is in the range of 0.7-1.8 t/ha and the average purchase price is 4.90 EUR/kg, the cost of planting material ranges from 3 430 up to 8 820 EUR/ha.
Growing garlic in a very large area requires machinery, as many agricultural operations have to be performed in a short period, and, if the work is large, it is almost impossible to mobilise many employees for a short period. Besides, weather conditions affect the production of garlic (Missa, 2013) .
The machinery needed for garlic production could be bought gradually, in line with the financial capacity of the producer. However, producing garlic in a long-term and in a large area requires large investments.
Examining the machinery, the authors found that both garlic clove splitting machines and planting machines Missa (2013) , more than EUR 30 000 have to be invested in machinery to mechanise the garlic production process.
The purchase of garlic planting material is problematic not only because of its high cost but also because
No certified planting material is available at seed shops. In the interviews, the garlic growers admitted that upon starting growing garlic, they bought a small amount of high-quality certified planting material from official sellers. The remaining amount of planting material they sought to produce themselves.
The research confirmed that the next most significant factor was quality and availability of planting material (0.66). In Latvia, as pointed out by I. Missa (2013) , it was difficult to acquire planting material being not infected with grey mould (Botrytis cinerea) or other moulds, mites, viruses or nematodes.
According to calculations by I. Missa (2013) , the loss because of discarding planting material might exceed 50 %. This decreases the amount of planting material and increases the cost of it.
In the period 2013-2015, a research study on domestic garlic producers was done in Lithuania. The research study aimed to compare national garlic varieties with foreign ones and analyse the varieties in terms of productivity and garlic bulb sizes. The research study found that the local variety Ziemiai demonstrated the highest yield, reaching even 12.9 t/ha. In contrast, the garlic varieties imported from Spain, Czech Republic and China performed the worst: 4.5 -9.4 t/ha. The research study has confirmed the findings made by other authors -garlic yields are affected by climatic and environmental conditions, and it is a reason why national varieties of garlic are better suited for the needs of production (Juskeviciene et al., 2016) . In the interviews, the garlic growers pointed out that upon starting growing garlic in large quantities, the best option was to try several varieties for a number of years in order to identify the best variety and the best growing technology. I. Missa (2013) believed that the garlic grown in Scandinavia, Great Britain, France, Poland and the Czech Republic was suited for being grown in Latvia.
The production of garlic is affected by soil composition (expert rating 0.50) as well. The preconditions for high garlic yields are as follows: a lot of sunlight, enough moisture, a humus-rich, medium-heavy and well-structured soil with a thick arable layer. Besides, it is advised not to grow garlic in the same field earlier than after 3-4 years (Missa, 2013) . This is a reason why No farms have presently specialised in garlic production. Since the production of garlic is affected by both the quality of planting material and soil composition, the authors believe that upon starting growing garlic, soils tests have to be done and a number of garlic varieties have to be field-tested in order to identify the best variety for the field and the best garlic growing technology. (2018), the entire area of Latvia is suited for vegetable production, yet the type of farms was determined by the sales market -mainly the vicinity of cities. To identify whether the garlic areas are related to the sales locations, the authors performed a correlation analysis. The dependent variables were as follows: (1) number of cities and towns in a municipality; (2) population at the beginning of the year; (3) population density in the municipality; and (4) distance to the regional centre. The p-values were above than 0.05 and the correlation coefficients were below 0.3, which meant that there was No statistically significant correlation between the variables.
The third factor that considerably affected garlic producers was weather conditions. Frost in spring can affect garlic sprouts, which, in turn, affects the yield. Too wet conditions during harvest can contribute to rot and make post-harvest treatment complicated. In contrast, drought at the beginning of the vegetation season affects the ability of garlic to root and later the growth of it (Gailite, 2017) . According to the Ministry of Agriculture (2018), farmers prefer growing the crops needing relatively simple technologies and not depending on meteorological conditions.
In 2014 in Latvia, weather conditions in winter (No snow) and spring (frost) were not favourable for the production of high-quality garlic; consequently, the average yield and output of garlic decreased (Figure 2 ) (MoA, 2015) . The output of garlic was affected by a decrease in the area cropped with garlic in the country. In 2015, however, weather conditions were suitable for garlic production (MoA, 2016); consequently, the average yield of garlic considerably (almost 4-fold) as well as the output of garlic (5.3-fold) increased.
The output of garlic increased also owing to an increase of the area under garlic by 35 %.
In 2016, despite an 18 % increase in the garlic area, the output of garlic decreased by 10 %, which might be explained by long-lasting rainfalls in August, which did not allow harvesting high-quality garlic (MoA, 2107). The weather conditions affected the average yield of garlic, which decreased by 24 %.
Even though weather conditions in 2017 were not suitable for garlic production in Latvia (MoA, 2018), the output of garlic rose 3-fold because the area cropped with garlic increased 2.9-fold. The average yield of garlic rose by 8 %.
A comparison of the average yields of garlic among the Baltic States reveals that the average yield was lower in Estonia than in Latvia, yet the trend was similar. In her research, Vahejoe et al. (2011) found that the garlic yield in Estonia could considerably vary by variety and growth conditions and could reach 30-50 cnt/ha. This means that only in 2017 average garlic yields were achieved in Estonia. In the analysis period in Lithuania, the average yield of garlic gradually decreased, and since 2015 it has been lower than that in Latvia.
According to I. Missa (2013) , a normal garlic yield harvested under the conditions in Latvia could be in the range of 50-90 cnt/ha, which is 1.6-3-fold more than on average in the analysis period. If a garlic field is watered, according to I.Missa, one can harvest 150 cnt/ha of high-quality garlic.
A comparison of the average yield with the amount of planting material (7-18 cnt/ha) in the analysis period reveals that the yield is 2-6-fold higher than the amount of garlic planted, except for 2014 when the average yield was the lowest, and it was likely that garlic producers suffered losses. According to calculations by I. Missa (2013) , a yield of 30 cnt/ha or lower brings losses to garlic producers.
In the interview, LRATC specialist M.Narvils stressed that in view of the climatic conditions in Latvia, mulching the field could be a solution that positively affects garlic growth because it contributes to microbiological activity in soil and in a cold snowless winter garlic plantations are not damaged, while in I. Missa (2013) also point out that if a lot of cloves have to be discarded, preparing planting material could require at least 240 hours or 30 man-days. This implies that managing a hectare under garlic could require more than 600 hours of manual work or 75 man-days. A mechanised process of garlic bulb splitting, depending on machinery, allows processing 250-1000 kg of garlic or 10 times more than an employee can do during a working day.
As pointed out by I. Missa (2013) , planting garlic is worth mechanising only if a large area is involved because planting garlic by means of a potato planter decreases yield by up to 10 %, and only large-scale production makes the yield decrease insignificant relative to manual work input.
In the period 2013-2016, Latvia annually imported approximately 900 t of garlic, which exceeded the annual output of it in the country. However, in 2014 Latvia imported seven times more garlic than it produced this product. In the analysis period, the imports of garlic were steady, and the Netherlands and Spain were the most significant importers of garlic into Latvia, accounting for more than 85 % of the total imports of garlic. According to FAOSTAT ([s.a.]), the Netherlands, Spain as well as China and Argentine were the largest garlic exporters in the world. Garlic from China, however, was imported in small quantities. Some part of the garlic produced in Latvia and, perhaps, imported garlic is exported. The exports of garlic are insignificant: 2-3-fold smaller than the imports; therefore, the balance of trade in garlic was negative in the entire analysis period: in monetary terms, the imports exceeded the exports more than two times. Most of the garlic (more than 80 % in the analysis period) was exported to the neighbouring countries -Lithuania and Estonia.
As pointed out by I. Missa (2013) , the problem of imports of garlic became urgent in Latvia in 2003 when the imports of cheap garlic rose and meat processors and other food producers in Latvia shifted to using dried garlic powder. In 2008 in the world, many countries increased garlic output, and it affected domestic garlic producers, as the garlic was exported at low prices to many countries, including Latvia.
A less significant factor affecting garlic production was removal of flower stalks (0.14). Flower stalks may not be cut too early in order not to infect the stalk cut, as well as not too late because it affects the yield of garlic. It is believed that the flower stalks not cut timely decrease the yield by 20-30 %; otherwise, nutrients accumulate in the flower stalks instead of the garlic bulb growing in soil (Missa, 2013) . In the interviews, the garlic producers admitted that flower stalks had to be cut manually even in the case of conventional practices, and in the future this operation is not going to be mechanised. A solution could be the choice of garlic varieties not developing flower stalks, e.g. Germidour and Messidour.
Conclusions, proposals, recommendations
In Latvia, garlic was grown in small areas as an auxiliary crop, mainly in Zemgale region as well as in Pieriga region, as garlic is a resource-intensive crop and sensitive to weather conditions and soil composition. Consequently, soils tests have to be done and a number of garlic varieties have to be field-tested for several years before starting growing this crop in order to determine the best variety for the field and the best garlic growing technology.
In the analysis period of 2013-2016, Latvia annually imported approximately 900 t of garlic, i.e. more that the country produced this commodity. The Netherlands and Spain were the most significant importers of garlic into Latvia, accounting for more than 85 % of the total imports of garlic.
Five most significant factors affecting garlic production in Latvia were as follows: (1) large financial investments are needed to start growing garlic (expert rating 0.84), (2) quality and availability of planting material (0.66), (3) soil composition (0.50), (4) weather conditions (0.47) and (5) labour intensity (0.44).
In order for garlic production to become a prospective agricultural activity, current and future garlic producers have to be educated on the specifics of garlic production and the key factors.
National data on garlic areas and yields are incomplete; therefore, the Baltic Garlic Growers Association could assume responsibility for collecting relevant statistics.
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